This paper intends to propose a monolithic photonic integrated InP transceiver for Next Generation of Ethernet Passive Optical Network (NG-EPON). The presented architecture was designed as an Optical Network Unit (ONU). The concept behind the suggested transceiver architecture is here presented together with the steps necessary to deploy the proposed solution.
INTRODUCTION
The internet became something essential in quotidian human lives driven by the necessity of connection between people. Nowadays, telecommunication networks are the most efficient and effective way to communicate at a distance. Due to this significant usage and demand of network technologies over the years, it was necessary to increase the bandwidth and the speed of the internet to follow this daily boost. This demand poses one of the biggest challenges to internet providers as they require solutions capable of fulfilling these needs while maintaining their cost competitiveness.
Currently, the communications based on optical signals are the only ones that provides the desired transmission capacity to the customers and contributed to one of the greatest revolutions of telecommunications in the last decades. It is still necessary to keep investing on research for new ways to address this abrupt growth of demand. Different solutions for access networks have been under development and study for several years. The most important among these solutions are Digital Subscriber Loop (xDSL), Hybrid Fiber Coax (HFC), and Fiber-to-the-X (FTTx) i.e., to the premise, curb, home [1] . FTTx based on a Passive Optical Network (PON) is considered to be the ultimate goal of the access networks since there are no limitations on both bandwidth and transmission length, contrary to copper-based networks [2] . As the name suggests, this network is made of passive elements (the exception is the terminal equipment). Hence, the transmission system does not require any use of energy, allowing a simplified network planning, cost reduction of operation and maintenance.
NG-EPON is an evolution of the Ethernet Passive Optical Network (EPON) technology where the services are implemented based on Ethernet networks [3] . This new technology appeared to help the market demands and because it can coexist with technologies already implemented. It is expected that NG-EPON is capable of providing up to 100 Gb/s in upstream and downstream directions [4] . The continuous work on standardization of PONs allied to the increase demand of bandwidth is bringing us to restringing standards that will sow the bottleneck of optical components assemblies as they are today. The common strategy to improve the optical components are Photonic Integrated Circuits (PIC). They enable reduced power consumption and size when compared to the hardware used nowadays and they also bring improvement in performance and reliability. Moreover, they reduce the number and cost of Optical-to-Electrical-to-Optical (OEO) and Optoical-to-Optical (OO) conversions. Smit defended that PICs are considered as the way to make photonic systems or subsystems cheap and ubiquitous [5] . Optical elements are integrated on a small scale, such as lasers, modulators, optical amplifiers and multiplexers. These are the evolution in the optical domain, much like Integrated Circuits (IC) were for electronics [5] .
In this paper, a new design and implementation of a transceiver for NG-EPON are presented. The overview of the proposed architecture is made as well as the project of the PIC. 
TRANSCEIVER ARCHITECTURE DESIGN
Before starting to design a PIC, it is important to have an overall idea of the architecture to be implemented. The system consists on an ONU, that transmits or receives, with four channels spaced by 100 GHz supported by 4-Pulse Amplitude Modulation (4-PAM). There are several candidate wavelengths allocation plans for the NG-EPON [4] , under discussion. The four upstream wavelengths chosen are in the C-band, while the downstream ones are in L-band guaranteeing coexistence for 1G-EPON, 10G-EPON, and NG-EPON, when operated on the same Optical Distribution Network (ODN) [4] .
In Figure 1 , the complete structure of the transceiver is given by using block diagrams. This diagram exposes the relationship between the blocks, with the purpose of understand how this architecture work as a system. The block diagram is divided into three main sections: the transmission blocks, the Multiplexer/Demultiplexer and the receiver blocks. In the transmission side, there is a Distributed Feedback (DFB) laser capable of tuning to the desired wavelength where its output signal goes through a Semiconductor Optical Amplifier (SOA) which amplifies the signal power. The signal combines in a Multiplexer, whose functionality will be described shortly. For the reception side, the signal comes from the input/output interface (the fiber entering in the chip), is separated using the Demultiplexer, and afterwards one can find an array of SOAs and one array of p-i-n Photodetectors (PINs) that compose the 4 channel preamplified reception.
Multiplexer and Demultiplexer Design
The main focus of the multiplexer/demultiplexer is to combine or split the optical signal. The Array Waveguide Grating (AWG) component is commonly used to act as a (de)multiplexer and it was firstly reported by Smit in 1988 [6] . For the design of the AWGs a user interface called Aspic™ with COBRA libraries was used.
Multiplexer/demultiplexer is composed by two different AWGs, one is a 1x2 AWG and the other is a 1x4 AWG. The role of the 1x4 AWG is to separate the four wavelengths from the downstream direction to each photodetector. On the other hand, the 1x2 AWG aims to filter the C and L bands and thus separating the upstream and downstream signals.
At first, the AWG 1x4 was designed that contains one input and four outputs. Several specifications for the design are required to achieve the expected behaviour with the smallest possible size. The chosen central wavelength was 1.5963 µm that is the mid-point of the downstream channels. Then, the channel spacing was set as 100 GHz. Since, the channels are periodical along the frequency, a Free Spectral Range (FSR) of 2900 GHz was chosen, to avoid replicas on the upstream band.
In Figure 2 it is possible to see the spectrum response of the 1x4 AWG, where different lobes with different colours represent four channels. The lobes from the right side match the downstream wavelengths as desired. The insertion loss of Wavelength (um) 1 .58 1.6 the AWG measures 1.8 dB, the crosstalk is around -30 dB and the bandwidth at -3 dB of each channel measures 40 GHz, approximately.
The AWG 1x2 design has the purpose of filtering the downstream and upstream channels of the transceiver. So, this AWG is working as a filter that rejects all the undesired copies from the previous one. For that, a channel spacing of 765 GHz was chosen and the FSR was set to be 7000 GHz. The results of the simulation of this AWG are shown in Figure 2 , where the green curve is filtering the band of the upstream direction and the blue one, is covering the downstream channels. The simulated insertion loss of this filter is approximately 1.15 dB and they present -29.3 dB of crosstalk. Figure 2 . Spectrum of 1x4 and 1x2 AWG using Aspic™ simulator.
The following Figure 3 depicts both responses of the two AWGs as a system. The input signal was injected in the 1x2 AWG and the spectrum is measured in the terminals of the 1x4 AWG. With this test, it is possible to confirm that the two AWGs are working as desired where the demultiplexer just guides the downstream channels. The rejection of the undesirable copies of the first AWG 1x4 is clear and was successfully done, where the four channels of the downstream with the spotlight can be observed. The intensity of the undesired copies is considered insignificant as it measures -30 dB. 
Transmission and reception blocks
The transmission block of the architecture is presented in Figure 4a . This section is composed by the DFB laser, the SOA and the 1x2 AWG. The DFB laser is a building block that holds the carrier signal which directly modulates the laser. The wavelength can be tuned by changing the temperature of the laser cavity. Right after the laser comes the SOA. The aim of this amplifier is to provide a signal boost that will allow a higher power budget on the PON. This block has an electrical port which is used to inject current for their operation. The third and the last block is the 1x2 AWG. This component separates the C and L bands, to (de)multiplex the upstream and downstream directions., as explained in Section 2.1. The reception block is presented in Figure 4b . It starts with a 1x4 AWG. This AWG acts as a demultiplexer whose functionality was explained in Section 2.1. The input port is connected to the other AWG presented in the transmission block diagram. Then, the four output ports are combined SOAs that work as pre-amplifiers of the PINs diodes used for optical to electrical conversion. The reasoning behind the use of pre-amplifier receivers is the same as to use the SOA in the transmitter: to increase the possible power budget on the PON.
Mask layout
At this point, the circuit mask of the transceiver was done under the software called OptoDesigner from Phoenix Software with InP technology and using FhG-HHI libraries. In Figure 5 one can see the design of the overall transceiver that has ~18 mm 2 . Figure 5 . Mask layout of the transceiver.
The last step in the design flow is the generation of the mask layout. To do that, the Design Rule Check (DRC) was run. Since all the rules were obeyed and no problems were reported, it was possible to perform the exportation of the design where several files are generated like the GDS mask (industry standard format).
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CONCLUSIONS
To follow the abrupt demand of bandwidth and velocity on current access networks, PICs represent a trend solution to the optical communications. Looking at future cost trends, it is predicted that the adoption of PIC technology yields significant equipment cost savings as well as lower power consumption but, the industry still needs to invest their efforts on research and development to achieve mass production. This paper is a contribution to developing this technology and an implementation of a PIC for the NG-EPON context to use as an ONU transceiver was reported.
